The regional basic diet or RBD is a multideficient diet (providing 8% protein) which is known to produce dietary deficiencies in some populations in northeastern Brazil. The present study investigated the effects of RBD-induced malnutrition on resting blood pressure and baroreflex sensitivity in conscious rats. Malnourished rats were obtained by feeding dams the RBD during mating and pregnancy (RBD-1 group) or during nursing and a 10-day period after weaning (RBD-2 group). At 90 days of age, only RBD-2 rats weighed significantly (P<0.001) less than control rats born to dams fed a standard commercial diet (23% protein) during pregnancy and nursing. Baseline mean arterial pressure and heart rate of both RBD-1 and RBD-2 rats were comparable to those of controls. The slopes for both reflex bradycardia and tachycardia (bpm/mmHg) induced by intravenous phenylephrine and sodium nitroprusside, respectively, were unchanged in either RBD-1 (-2.08 ± 0.11 and -3.10 ± 0.43, respectively) or RBD-2 (-2.32 ± 0.30 and -3.73 ± 0.53, respectively) rats, when compared to controls (-2.09 ± 0.10 and -3.17 ± 0.33, respectively). This study shows that, after a prolonged period of nutritional recovery, the patterns of resting blood pressure and baroreflex sensitivity of both pre-and postnatally malnourished rats were similar to those of controls. The decreased body weight and the tendency to increased reflex tachycardia in RBD-2 rats may suggest that this type of maternal malnutrition during lactation is more critical than during pregnancy.
Introduction
Epidemiological studies have implicated maternal protein-calorie deficiency as an important public health problem in underdeveloped countries (1) (2) (3) , including Brazil (4). Maternal malnutrition is known to be the most significant factor for high infant and postnatal mortality rates in these countries (5) . Experimental studies have shown that pre-or postnatal nutritional manipulations may program adult size, metabolism, blood lipids, diabetes, obesity, blood pressure, glomerular hypertrophy, atherosclerosis, behavior, and learning (6, for references see 7) . The clinical consequences of malnutrition depend on several factors, including the severity and duration of nutritional deficiencies.
Epidemiological and experimental studies designed to examine the relationship between intrauterine environment (as reflected by birth weight) and variation in adult blood pressure have yielded contradictory results. For instance, several human studies have shown that birth weight is inversely associated with blood pressure in childhood, as well as in adult life (8) (9) (10) (11) (12) (13) (14) , but this association has not been confirmed by all investigators (15) (16) (17) . In their experimental studies, Langley and co-workers (18) showed that rats exposed to a low-protein diet in utero exhibited lower body weight at birth and higher systolic blood pressure at 4 weeks of age. This hypertension was reported to persist into adulthood (19) . Using a similar feeding protocol, Tonkiss et al. (20) were unable to corroborate the latter experimental findings. Furthermore, no differences were detected in basal blood pressure of adult rats that had received a low-protein diet during perinatal life (21) . It has been also shown that chronic caloric restriction in adulthood had no effect on blood pressure in normotensive rats (22) , but decreased this parameter in spontaneously hypertensive rats (23) . However, the baroreflex responsiveness of both calorie-restricted groups was enhanced (22, 23) . Given the above conflicting data and the paucity of information about the role of other nutrients in malnutrition-induced cardiovascular disease, the effects of feeding a multideficient diet during pregnancy or nursing on resting blood pressure, heart rate (HR), and baroreceptor control to HR were studied in conscious 3-month-old rats. The diet employed herein is deficient in protein, lipids and vitamins, as well as in sodium and other minerals (24) and was prepared according to the diet consumed by populations living in the area of sugar-cane cultivation in coastal Pernambuco, northeastern Brazil. Pioneer studies have indicated that this experimental diet, known as the regional basic diet or RBD, produces in rats a type of malnutrition similar to that prevalent among children from this region of Brazil, namely an association with nutritional dwarfism, with some clinical signs of marasmus (24) . Other studies have demonstrated that RBD results in deficient glycemic regulation (25) , reduction in sciatic nerve conduction velocity (26) and blunted propagation of spreading depression (27) .
Material and Methods

Animals
Male and virgin female Wistar rats (initial weight 240-300 g) were kept under conditions of constant temperature (23 ± 2 o C) on a standard light/dark cycle (12-h/12-h), with free access to food and water.
Diets
The ingredients (g/100 g) of the multideficient diet used herein were beans (Phaseolus vulgaris; 18.34), manioc flour (Manihot esculenta; 64.81), dried and salted meat (3.74), and sweet potato (Ipomaea batatas; 12.76). The diet was prepared in our laboratory as follows: all ingredients (except manioc flour) were cooked, dehydrated for 24-60 h (according to the type of ingredient) at 60 o C and pulverized. Each component was mixed with manioc flour by humidifying. Meat fat (0.35%) was then added, and the mixture was shaped into balls which were dehydrated for 24 h at 60 o C. The centesimal composition of the RBD, which was determined by the Department of Nutrition, Federal University of Pernambuco, is given in Table 1 . The caloric adequacy of the RBD was calculated to be about 316 kcal per 100 g. Standard pellet chow (Purina do Brasil Ltd., São Paulo, SP, Brazil) was used as control diet.
Feeding protocol
During the mating period, all female and male rats were fed a standard balanced diet, except those belonging to group 1 (see below) which received the RBD. Throughout this period, the detection of sperm in the vagina was taken to indicate that fertilization had occurred. Fertilized females were then immediately transferred to individual cages and divided into three groups. Group 1 was fed the RBD during pregnancy. Group 2 was fed the RBD during nursing, and group 3, which served as the control, was fed the standard diet during pregnancy and nursing. All groups had free access to water and diets. Females in group 1 were placed on a standard diet within 2-12 h after giving birth and remained on this diet throughout suckling. Offspring of all mothers were weaned at 25 days of age. After weaning, offspring born to mothers in groups 1 and 3 were placed on the standard diet until 12 weeks of age. Ten days after weaning, offspring born to mothers in group 2 were switched to the standard diet and remained on it until 12 weeks of age. The body weight of offspring in all groups was determined weekly from the 1st to the 12th week of age. In order to minimize the putative risk of cannibalism, birth body weight was determined only in 6 offspring belonging to group 1 and compared to that of offspring belonging to the control group. In addition, daily food intake of some control and malnourished mothers was determined from pregnancy to weaning.
Catheterization procedure
The day before they reached 90 days of age, male rats born to mothers that had received the RBD during mating and pregnancy (RBD-1) or during nursing and the 10-day period following weaning (RBD-2) and those born to mothers receiving the control diet during pregnancy and nursing (CNT) were anesthetized with ether, and two vascular catheters (PE-10 fused to PE-50) were implanted as follows: one catheter was inserted into the abdominal aorta via the left femoral artery for the recording of arterial blood pressure and the other was inserted into the inferior vena cava via the left femoral vein for drug administration. The catheters were filled with heparinized (125 IU/ ml) isotonic saline and exteriorized at the dorsal neck level. Immediately after surgery, rats received an intramuscular injection of penicillin (24,000 IU). Postoperatively, the rats were housed individually in plastic cages and allowed to recover for 24 h before any circulatory experiments. All experiments were performed on conscious, freely moving rats.
Recording of mean arterial pressure and heart rate
At the time of the experiment, animals were maintained in a quiet room and the arterial catheter was connected to a blood pressure transducer (Statham P23 Db) coupled to a Hewlett Packard model 4574A polygraph (Hewlett Packard, Palo Alto, CA, USA). Mean arterial pressure (MAP) was calculated as diastolic + [(systolic-diastolic)/ 3] pressure and HR was calculated from the blood pressure tracing. 
Experimental protocol
In order to assess the effects of RBDinduced malnutrition on baseline cardiovascular parameters and baroreflex sensitivity, the following protocol was used. The venous catheter was connected to a long polyethylene tube which leads out of the top of the cage. This aimed to minimize animal manipulation and to allow the investigator to be out of the animals sight. After a rest period of 30-45 min, basal MAP and HR values were determined and their maximum changes elicited by iv injection of increasing bolus (50 µl) doses of phenylephrine (PHE, 0.25-4 µg/kg) or sodium nitroprusside (SNP, 0.5-8 µg/kg) were assessed in each control and malnourished rat. PHE infusions were started first, and after MAP and HR returned to control baseline, SNP infusions were begun. In preliminary experiments, successive iv injections of a similar volume of saline evoked nonsignificant effects on both baseline MAP and HR. Before each injection of PHE or SNP, MAP and HR were first allowed to return to their respective baseline values obtained at the beginning of the experiment. For each rat, the baroreflex responsiveness, as reflected by the ratio of the peak change in HR to the peak change in MAP (slope), was determined for both PHE and SNP using a linear regression analysis. The mean slope was calculated by averaging the baroreflex slope for each individual experiment. This investigation conformed to the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication No.
85-23, revised 1985).
Determination of cardiac hypertrophy
After the circulatory experiments, animals of all groups were killed by cervical dislocation and the hearts were excised. The hearts were then rinsed with saline and blotted with filter paper. They were weighed, dried for 48 h in a desiccator at 70 o C, and reweighed (28) . The heart dry weight to body weight ratio was used as an index of cardiac hypertrophy, as previously reported (28) (29) (30) .
Statistical analysis
All results are reported as mean ± SEM. Changes in absolute MAP and HR with respect to individual baseline values were computed. One-way analysis of variance (ANOVA) and the unpaired Student t-test were employed to assess differences in baseline MAP, HR and body weight between the different groups. The statistical significance of MAP and HR responses to PHE or SNP was determined by the paired Student t-test. Comparisons between control and malnourished rats were performed using the unpaired Student t-test and Mann-Whitney U-test. Groups of data were compared by one-way (doses) or two-way (treatment x weeks or treatment x doses) ANOVA. Differences were considered to be statistically significant at P<0.05.
Drugs
(-)-Phenylephrine hydrochloride and sodium nitroprusside were purchased from Sigma Chemical Co. (St. Louis, MO, USA) and were dissolved in saline. Solutions were prepared daily and SNP solutions were stored in the dark. Heparin (Laboratoires Léo S.A., Montigny-Le-Bretonneux, France) was used as the commercially available injectable solution. Penicillin G benzathine salt (Lafepe, Recife, PE, Brazil) was dissolved in saline.
Results
Effects of maternal RBD on body weight of offspring and heart weight
Birth weight was significantly (P<0.001, unpaired Student t-test) reduced in RBD-1 rats (4.55 ± 0.23 g, N = 6) when compared to CNT rats (6.75 ± 0.18 g, N = 6). The time courses of body weight of RBD-1, RBD-2 and CNT rats from the 1st to the 12th week of age are shown in Figure 1 . Throughout this monitoring period, no significant differences in body weight were observed between RBD-1 and CNT rats (P>0.05, twoway ANOVA). However, two-way ANOVA revealed that this parameter was significantly (P<0.001) lower in RBD-2 rats than in controls. This reduction in body weight was significant at all ages studied (P<0.01, unpaired Student t-test). When RBD-2 rats were placed on a standard balanced diet by the 5th week of age, they displayed a weekly rate of weight gain similar to that observed in CNT rats ( Figure 1) ; however, the body weight of RBD-2 rats remained significantly reduced at the end of the 12-week monitoring period (P<0.01, unpaired Student t-test), and was approximately 75% of that of controls. Both wet and dry heart weights were significantly reduced in RBD-1 and RBD-2 rats (P<0.05, unpaired Student t-test), when compared to control rats (Figure 2A and B) . However, the heart dry weight to body weight ratio of RBD-1 and RBD-2 rats was not statistically different (P>0.05, unpaired Student t-test) from that observed in CNT rats ( Figure 2C ).
Effects of maternal RBD on baseline MAP and HR values
Baseline MAP and HR recorded for RBD-1 (112 ± 4 mmHg and 385 ± 15 bpm, respectively, N = 9) and RBD-2 (102 ± 3 mmHg and 366 ± 8 bpm, respectively, N = 10) rats were not significantly different (P>0.05, unpaired Student t-test) from those recorded for CNT rats (110 ± 4 mmHg and 357 ± 12 bpm, respectively, N = 9). In both malnourished groups, baseline diastolic and systolic arterial pressure values were also comparable to those recorded for well-nourished rats (P>0.05, unpaired Student t-test) (data not shown). In all groups, body weight was determined weekly from the 1st to the 12th week of age. During this period, the mean body weight of RBD-1 rats was similar to that of CNT rats, while the mean body weight of RBD-2 rats was significantly ( + P<0.001, two-way ANOVA) lower than that of CNT rats. *P<0.01 compared to CNT (unpaired Student t-test).
Effects of maternal RBD on baroreflex sensitivity
In both RBD-1 and RBD-2 rats, increasing bolus doses of iv injected PHE and SNP evoked dose-dependent increases and decreases in MAP, respectively (P<0.05, oneway ANOVA). These responses were significant with respect to baseline values over the whole dose range used (P<0.001, paired Student t-test), and did not differ significantly from those obtained for control rats (P>0.05, one-way ANOVA). In both malnourished groups, the pressor effects elicited by PHE evoked the expected reflex bradycardia. The relationship between peak decreases in HR and peak increases in MAP is shown in Figure 3A Weeks after birth + dia. The relationship between peak increases in HR and peak decreases in MAP is shown in Figure 4A . No significant differences (P>0.05, Mann-Whitney U-test) in reflex tachycardia responsiveness (bpm/mmHg) were detected between RBD-1 (-3.10 ± 0.43) or RBD-2 (-3.73 ± 0.53) and control (-3.17 ± 0.33) rats ( Figure 4B ), although reflex tachycardia tended to increase in RBD-2 rats (Figure 4A ).
Discussion
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flex bradycardia (bpm/mmHg), was comparable (P>0.05, Mann-Whitney U-test) for both RBD-1 (-2.08 ± 0.11) and RBD-2 (-2.32 ± 0.30) rats in relation to controls (-2.09 ± 0.10) ( Figure 3B ). In both groups of malnourished rats, SNP-induced depressor effects were associated with reflex tachycar-an effect which may have contributed to the lower body weight of pups in Langleys study. However, offspring of mothers fed the RBD during nursing had markedly lower body weights during the first week of age and were unable to catch up over the 12-week monitoring period. This finding is in agreement with a previous report (21) , and supports the concept that postnatal nutritional manipulations affect adult size. Both wet and dry heart weights were significantly reduced in RBD-2 rats when compared to controls. This effect seems to parallel the reduction in body weight since no differences were detected when heart dry weight was related to body weight, a finding previously reported by other investigators (31, 32) using the restricted calorie model. However, both wet and dry heart weights were reduced in RBD-1 rats even when no significant reduction in body weight was detected in these animals at 12 weeks of age. This finding may suggest that when dams are fed the RBD during pregnancy, fetal heart development is affected in a negative and possibly irreversible fashion.
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Slope (bpm/mmHg) 2 1 0 A B diets increased blood pressure in conscious rats, and that hypertension persisted into adulthood. Several methodological differences could help to explain this discrepancy. First, the composition of the diets varied not only with respect to the percentage of protein but also to the percentage of fats, carbohydrates, and salt. Thus, changes in dietary composition may have contributed to the result obtained here. For instance, given the well-known beneficial role of a low-sodium diet in essential hypertension (33) , it is possible that the low sodium content of the RBD may account for the lack of increased blood pressure in the present study. Further experiments are underway in our laboratory to test this possibility, as well as the relative contribution of each deficient nutrient of the RBD. Second, the RBD is also quantitatively deficient in essential and non-essential amino acids (24) . For instance, the essential amino ing increased systolic blood pressure in prior investigations (18, 19) . In this respect, using a direct and minimally stressful telemetric procedure, Tonkiss et al. (20) reported that while no statistical differences in systolic blood pressure were detected between prenatally malnourished and well-nourished control rats, malnourished rats showed a greater increase in both diastolic and systolic pressures compared with control rats during exposure to the olfactory stressor ammonia.
Although the effects of pre-or perinatal dietary manipulations on baroreflex responsiveness had not been tested before this study, the effects of long-term calorie restriction on this reflex have been studied. Herlihy and colleagues (22) reported that chronic calorie restriction in adulthood enhanced baroreflex responsiveness to SNP-induced hypotension, but not to PHE-induced pressor effects, in normotensive Fisher 344 rats. A similar enhancement of baroreflex sensitivity was also found in the calorie-restricted spontaneously hypertensive rat (23) . In the present study, baroreflex responses to both PHE and SNP remained unaltered in RBD-1 rats. Similar results were observed in RBD-2 rats, although reflex tachycardia tended to increase in these animals. The lack of a significantly enhanced baroreflex response to SNP may be due to the wide variability of the individual slope in the RBD-2 group. Nevertheless, this tendency to increased reflex tachycardia appears to agree with the finding of Herlihy et al. (22) , and may indicate that the nursing period is more sensitive to the effects of this type of malnutrition than the prenatal period.
In conclusion, the present study shows for the first time that, after a prolonged period of nutritional recovery, the feeding of the multideficient RBD during pregnancy or nursing had no effects on resting blood pressure or baroreflex sensitivity in adult rats. These findings do not support the concept of an inverse relationship between birth weight and blood pressure in adulthood. However, Figure 4 -A, Relationship between changes in mean arterial pressure (DMAP) and heart rate (DHR) following increasing bolus doses of sodium nitroprusside in adult rats obtained by feeding dams a standard control diet during pregnancy and nursing (CNT) or by feeding them the regional basic diet (RBD) during pregnancy (RBD-1) or during nursing (RBD-2). B, Average slopes of the sodium nitroprusside response in the above three groups. Vertical and horizontal bars indicate the SEM (N = 8-9 rats per group). 3  4  5  6  1  2  3  4  5  6  1  2  3  4  5  6  1  2  3  4  5  6  1  2  3  4  5  6  1  2  3  4  5  6  1  2  3  4  5  6  1  2  3  4  5  6  1  2  3  4  5  6  1  2  3  4  5  6  1  2  3  4  5  6  1  2  3  4  5  6  1  2  3  4  5  6  1  2  3  4  5  6  1  2  3  4  5  6  1  2  3  4  5  6  1  2  3  4  5  6 the decreased body weight and the tendency to increased reflex tachycardia in RBD-2 rats may suggest that this type of maternal malnutrition during lactation is more critical than during pregnancy. Measurement of arterial blood pressure in rats submitted to malnutrition over an extended period of time
